Sigma projects include cost reduction and productivity improvement. Six Sigma uses the Define, Measure, Analyze, Improve and Control (DMAIC) 
the Six Sigma project plan was approved by the project sponsor, the resources would be in place and the project team could move to the measure phase (Breyfoggle, 2003) . A process has to be measured before it can be improved. The measure phase is intended to identify the data that illustrates the state of the current process. The Six Sigma team had to first identify the input and output variables for the process. The team then developed a data collection procedure and sampling plan (Breyfoggle, 2003) . The data collection tools included checklists, check sheets and a control chart (Evans & Lindsay, 2010) . The analyze phase was the most important phase in the Six Sigma process (Eckes, 2003) . The improvement idea was generated based on the analyzed results. The recommendation for improvement was made in this phase as well. The Six Sigma team used tools such as histograms, Pareto analyses, experimental designs and statistical process control to find root causes for the problem (Evans & Lindsay, 2010) . The improve phase is where the problem solution or corrective action was implemented. The tools used in this phase included experimental designs and hypothesis testing (Evans & Lindsay, 2010) . This phase required multiple attempts until the project goals and objectives were reached. Once the team was able to show that the solution resulted in improvement, they could move on to the control phase (Go Lean Six Sigma, 2013). Researchers recently used linear programming as a mathematical and statistical tool in the Six Sigma analyze and improve phases (Bobek, Imondi, Shott & Toobaei, 2012) . The details about linear programming will be reviewed later in this chapter. The control phase is the last phase in the DMAIC procedure. The objective of this phase is to sustain the achieved improvement in the improve phase. The Six Sigma team needed to create a control plan to ensure the improved process maintained its ability to meet customers' needs (Eckes, 2003) . Statistical Process Control is often used in the control phase to monitor the status of process.
Linear programming is the process of finding the optimized outcome for a given set of linear equations related to a specific situation (Moore & Weatherford, 2001 ). Many real world problems lend themselves to linear programming modeling or can be approximated by linear models. There was more than one variable combination that resulted in the same object function result (Moore & Weatherford, 2001 ). In order to avoid the above situation, researchers often modified the linear model to reach a unique optimized solution. Industry has had a long history of applying linear programming to solve complex problems and find the optimized solutions in production operation and services areas (Balbirer & Shaw, 1981) . Linear programming was used to find optimized solutions for complex situations; researchers recently started to use it as a mathematical and statistical tool in the Six Sigma analyze and improve phases (Bobek et al., 2012) . In general, there are two types of truck transportation service providers. They are government owned providers and private providers. ABC would be considered as a private provider. The operational costs of a private truck transportation provider include the following five categories: fuel costs, toll costs, overload fines, late delivery penalties and truck rental costs.
II. Data Collection
The shipping cost records were collected for year 2012. The cost records included shipping destination, date shipment requirement received, delivery date, total overload weight and total cost. The consequences associated with overloaded trucks were extra costs including; possible overload fines, extra fuel costs and potential late delivery penalties. However, since there were different random factors such as number of traffic control agencies on duty that might affect the values of extra cost items, it was necessary to understand the probability distribution of the extra cost items. In this study, the researcher determined the probability distribution of the extra cost items based on the frequency of occurrences in the truck record data. The probability distributions for other key cost items such as the probability distributions between overload and late delivery penalty, overload and extra fuel cost will also be determined using the same methodology.
Linear programming was used during the improve phase of the DMAIC process to determine the truck scheduling policy. The variables in this model were the overload weights of truckloads for each shipment. These variables were defined as V1 to Vn, which stands for the total overload weight of each truck. The first set of variable constraints was the overload weights of each truck; the overload weights should not contain negative numbers. The second constraint was the total overload weight volume. This volume will be greater than or equal to the total shipment overload volume. The third constraint was the overload constraint. Even though it was common in the transportation market that trucks were overloaded, each transportation service provider established a maximum overload weight allowance that a truck could be overloaded for safety concerns. ABC had its' own limit for how much weight a truck could handle for different destinations. Based on the above constraint regulations, the following constraint set was established. The constraint set is shown in Figure 1 . The objective of this research project was to reduce the shipping cost for ABC Transportation. Based on this, the objective function for linear model was established to minimize the total cost as shown in Figure 2 . Pareto analysis was used to identify the key cost items that affected the total truck cost. These variables were programmed into the linear programming model. Figure 3 was created based on the data summary results.
III. Results of Probability Distributions of Extra Cost Items
ABC Transportation Company incurred extra costs to use rental trucks. The extra costs rental companies charged varied depending on the market. Based on the frequency count outcome, the probability distribution of extra charge per truck was calculated and summarized in Table 2 . A frequency count approach was used to determine the probability distribution between overload weights and overload fines. For example, the 2012 shipping cost records showed that there were 75 trucks that had overload weights between two to three tons. Among these 75 trucks, 15 trucks (20%) were charged with $50 overload fine, 30 trucks (40%) were charged with $65 overload fine and the remaining 30 trucks (40%) were charged with $80 overload fine. This probability distribution was used in the linear programming model to calculate the overload fines of trucks that had been overloaded by between two to three tons. Table 3 shows the probability distribution between overload weight (ton) and overload fines. The same approach was used to determine the probability distribution between overload weight and extra fuel costs. Table 4 shows the probability distribution between overload weight and extra fuel costs. Table 5 shows the probability distribution between overload weight and late delivery penalties. The probabilities were calculated from frequency count results.
Linear Programming Model
The key cost items and their probability distributions were used to build the linear programming model. The company's maximum overload weight allowances were also determined. For ABC's company owned trucks, the maximum overload weight allowance is seven tons. The maximum overload weight allowance for rental trucks is 10 tons. The linear constraint set of the linear programming model is shown in Figure 4 . The goal of this research was to find a scheduling tool to reduce the shipping cost. In order to achieve this goal, the linear objective function was used to minimize the total shipping cost as shown in figure 5 .
Results of Linear Programming Output
MS Excel Solver was used to solve the linear programming model. The objective function of the linear model was to minimize the total extra costs. The total extra costs were the summary of extra fuel costs, overload fines, late delivery penalties and extra rental costs. The output of MS Excel solver provided the specified overload value (ton) of each truck. Figure 6 is the analysis output. For this particular week, ABC had to ship 108 tons of overloaded products. The linear programming solution made the following recommendations: 1. The output showed that company trucks V1 through company trucks V10 had finalvalues greater than zero.
This indicated that the company had to use 10 company trucks. 2. The overload value of each company truck was the final value from the output. 3. The output showed that the final values of rental trucks V1 through V5 were greaterthan zero, which indicated that ABC had to use five rental trucks. 4. The overload value of each rental truck was the final value from the output. 5. The total overload amount was 108 tons, which equals the customer requirement. 6. The total cost of the week was $9,430 based on this truck capacity planning.
Results of One Month Historical Data Comparison
A pilot test was conducted by using four weeks of historical data from April 2012 with the linearprogramming approach. The results in Table 6 show that the total truck costs under this newplanning approach would have been $38,828, which was 15.2% less than the actual truck cost($45,810) of that month. The new approach reduced the truck cost significantly.
IV. Conclusion
Six Sigma is a tool used to achieve continued improvements. The benefits of implementing Six Sigma projects include; cost reduction and productivity improvement. Six Sigma uses Define, Measure, Analyze, Improve and Control (DMAIC) methodology to solve problems. In this study, a linear programming approach was used during the improve and control phases of a Six Sigma project to develop a truck scheduling tool for ABC Transportation Company. Six Sigma DMAIC approach could reduce an organizations operational cost. It showed that organizations can benefit from successful Six Sigma projects. Linear programming can help an organization determine the optimized capacity planning and resource scheduling. The literature review also showed the challenges and opportunities that transportation providers are facing. A goal of this study was to focus on providing a truck scheduling tool that ABC Transportation Company could use to reduce the shipping cost. This goal was accomplished through Six Sigma DMAIC approach. The key cost variables and their 
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